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Ultrasonic Calibration Wire Test Phantom

Sean K. Lehman, Karl A. Fisher, Mick Werve, David H. Chambers

February 15, 2005

Abstract

We designed and built a phantom consisting of vertical wiresmaintained under tension to
be used as an ultrasonic test, calibration, and reconstruction object for the Lawrence Livermore
National Laboratory annular array scanner. We provide a description of the phantom, present
example data sets, preliminary reconstructions, example metadata, and MATLAB codes to
read the data.
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Figure 1:Preliminary wire phantom conceptual design.
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1 Introduction

We designed and built a reconfigurable wire phantom for the ultrasonic Lawrence Livermore Na-
tional Laboratory annular array scanner. We collected wellcharacterized data under controlled
conditions for use as “canonical data sets” in testing and evaluating new inversion algorithms.

The phantom consists of vertical wires maintained under tension. The planar,(x, y), wire
distribution is governed by holes drilled through upper andlower wire guide plates in a selected
geometric pattern. The wires are threaded through the holesand secured to mounting brackets.
Given that the phantom object formed by the wire distribution does not vary much in the vertical
(z-direction), we assume the measured data form a 2.5-dimensional object. The initial conceptual
phantom design is presented in Figure 1

These plates are removable permitting differing designs tobe used. We currently only have one
design: a logarithmic spiral with equation,

r(θn) = a (cos(θn), sin(θn)) ebθn , (1)

where
a ≡ λ0 is the initial radius and,

λ0 ≡ v0/f0 is the insonifying wavelength,
v0 ≡ 1500 meters/second is the assumed background water velocity,
f0 ≡ 1 MHz is the approximate insonifying frequency,
b ≡ 10π/180 is the spiral growth rate,

θn ≡ {n∆θ}N−1

n=0
are the angular locations of the wires,

∆θ ≡ 30π/180 is the angular increment,
N ≡ 31 is the number of wires.

This current configuration is shown in Figure 2(a). We have allowed for an optional acrylic hollow
cylinder around the phantom as shown in Figure 2(b). Figure 2(c) shows one of the plates. The
(x, y) locations of the wires in the logarithmic spiral are listed in Table 1. Figure 3 shows a graphic
of the phantom in relation to the transducer locations.

Figures 4 and 5 show the phantom under construction while being installed in the scanner. The
top block is affixed to a rod fastened to the central bore of thescanner drive; the bottom block
is fastened to the bottom of the tank. Figure 6 (a) shows the phantom with 31 taut steel wires.
Figure 6 (b) shows the optional acrylic cylinder in place.

The design of the phantom allows for wires of different materials to be used. We have run
scans with the following combinations:

• 31 steel wires;
• 30 steel, 1 nylon;
• 25 steel, 6 nylon;
• 25 steel, 6 nylon, with the hollow cylinder;
• 2 steel, 2 nylon resolution pair;
• 2 steel, 2 nylon resolution pair, with the hollow cylinder;
• Water background (no wires);
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Figure 2:Basic spiral phantom design. (a) Without hollow cylinder. (b) With cylinder. (c) Photo-
graph of wiring plate with holes.
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Figure 3:Graphic showing phantom in relation to transducer array location.
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Figure 4:Phantom under construction during installation in ultrasonic LLNL annular array scan-
ner.
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Figure 5:Detail of phantom before wires were pulled taut.
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(a)

(b)

Figure 6:(a) Phantom after the wires were pulled taut. (b) Phantom with optional acrylic hollow
cylinder.
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x y x y
1.5000 0.0000 -3.2365 5.6057
1.4233 0.8218 -6.1421 3.5462
0.9004 1.5595 -7.7710 0.0000
0.0000 1.9731 -7.3739 -4.2573

-1.0810 1.8723 -4.6647 -8.0795
-2.0515 1.1844 -0.0000 -10.2221
-2.5955 0.0000 5.6001 -9.6997
-2.4629 -1.4219 10.6279 -6.1360
-1.5580 -2.6985 13.4464 -0.0000
0.0000 -3.4142 12.7592 7.3665
1.8704 -3.2397 8.0715 13.9802
3.5497 -2.0494 0.0000 17.6876
4.4911 -0.0000 -9.6901 16.7837
4.2615 2.4604 -18.3898 10.6174
2.6958 4.6693 -23.2667 0.0000
0.0000 5.9076

Table 1:(x, y) location of wires in millimeters for the logarithmic spiral.

• Hollow cylinder only (no wires).

Example data sets showing measured time series and spectraldata are presented in Figures 7
through 10. The data are very clean and have good contrast. Clear and distinct sinograms of
individual wires are seen in the steel wire data set of Figure7.

2 Scanner and Data Collection Details

The LLNL ultrasonic scanner consists of two independently operating transducers which orbit
about a common center. They are programmed to synthesize a fully multistatic annular array. The
data sets described herein were collected using the following parameters:

• Two independently scanning transducers;
• 320 receiver locations;
• 361 transmitter locations;
• One degree increment;
• 15 cm radius;
• Two cycles of a sine input voltage;
• 1.6 MHz center frequency;
• 15 MHz sample rate;
• 4096 element time record;
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Figure 7:Example water background and 31 steel wire data sets.
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30 Steel/1 Nylon 25 Steel/6 Nylon
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Figure 8:Example 30 steel/1 nylon and 25 steel/6 nylon data sets.
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25 Steel/6 Nylon w/Cylinder Cylinder Only
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Figure 9:Example 25 steel/6 nylon and cylinder only data sets.

12



Double Steel/Nylon Pair Double Steel/Nylon Pair w/Cylinder
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Figure 10:Example double pair data sets.
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• Multistatic data.

The complete data set for a single run are stored in a directory whose name describes the
phantom configuration. For each run there are 361 text files with extension.txt which contain
the metadata and a corresponding number of binary data files with extension.bin which contain
the time series data. The files are labeled000 through360 corresponding to the index of the
transmitter angular location.
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3 MATLAB Codes to Read Data

The following MATLAB codes are provided to read and perform a“quick look” through the data:

ResolveFilename.m Used to resolve a data set and transmitter index into a full path name;

flipthroughllnlusdata.m Provides a “quick look” through an entire data run;

hdr2param.m Converts a raw metadata header into a header suitable for usein a reconstruction
algorithm;

rdllnlusdata.m Reads one or more transmitter data sets;

rdllnlusheader.m Reads a single header file.
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4 Typical Metadata File
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5 Listing of Typical Data File

The listing of the data set graphed here represents a typicalreceived time series.
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31Steel: Source 010, Receiver 100
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